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LHC @ 8 TeV: exciting times for stop searches

LHC @ 7 TeV
from arXiv:1110.6443



LHC @ 8 TeV: interesting times for stop searches

LHC @ 7 TeV
from arXiv:1110.6443

LHC is starting to probe
direct production of 3rd generation squarks

First analyses just released at ICHEP’12 !

~ 450

~ 500 events
with 5/fb
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Light Stops and EW naturalness
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Stops lighter than ~350 - 700 GeV⇒
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Outline

‣ Updated searches for gluino-mediated stop production

‣ New searches for direct stop production (ICHEP’12)

‣ Challenging regions and the need for shape analyses 



CMS SS dileptons + 2b-jets
CMS PAS SUS-12-017

2 same-sign leptons pT>20 GeV
2 b-jets pT>40 GeV
Veto on 3rd lepton from Z0

9 MET-HT signal regions  
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ATLAS all hadronic w/ 3+b-jets

Veto on isolated leptons
≥4 (6) jets with pT>50 GeV
≥3 b-jets
MET>160-200 GeV
meff>500-900 GeV

ATLAS-CONF-2012-058



‣ Strong constraint on stops ⇒ m˜>700 GeV~t

‣ So long as m˜<900 GeV and spectrum is not compressed~g



ICHEP 2012

First results on direct stop production



ATLAS search for stops lighter than top
ATLAS-CONF-2012-059

2 leptons + MET + ≥ 1 jet

p�
T1 < 30 GeV
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ATLAS search for stops lighter than top
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χ̃0

χ̃±
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W ∗

exclusive 1 or 2 leptons
MET > 40 GeV

MT > 30 GeV (1 lep)
top mass window (1 lep)
30 < mll < 81 GeV (2 lep)

new variable: 
intended to capture mass scale of
stop pair production (ISR subtracted)

√
s
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ATLAS search for stops lighter or close to top
ATLAS-CONF-2012-070
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ATLAS search for stops lighter or close to top
ATLAS-CONF-2012-070
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ATLAS search in dileptons

exclusive 2 leptons (Z0 veto)

2 jets pT1,2> 50, 25 GeV
≥1 b-tag

mT2 > 120 GeV

ATLAS-CONF-2012-071



ATLAS search in dileptons
ATLAS-CONF-2012-071

χ̃0t̃1
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χ̃0t̃1
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ATLAS search in dileptons
ATLAS-CONF-2012-071

conservative limit



ATLAS hadronic search
ATLAS-CONF-2012-074

lepton veto
6 jets pT > 30 GeV (pT1> 130 GeV)

≥1 tight b-tag or ≥2 loose b-tags

veto on τhad : Δϕ(j,MET)<π/5
jets w/ 1-4 tracks

mT < 100 GeV

80 < mjjj < 270 GeV

mT (b, MET) < 175 GeV

SR-A

SR-B



ATLAS hadronic search
ATLAS-CONF-2012-074
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ATLAS hadronic search
ATLAS-CONF-2012-074

χ̃0t̃1
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conservative limit



ATLAS semi-leptonic search
ATLAS-CONF-2012-073

1 lepton  pTµ(e) > 20(25) GeV
4 jets pT1,2,3,4 > 80, 60, 40, 25 GeV 

mT > 120-140 GeV

mjj > 60 GeV
≥1 b-jet

130 < mjjj < 205 GeV

MET > 150-275 GeV
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ATLAS semi-leptonic search
ATLAS-CONF-2012-073



ATLAS semi-leptonic search
ATLAS-CONF-2012-073

conservative limit
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M. White’s talk, ICHEP’12



M. White’s talk, ICHEP’12
conservative limit



CMS razor multijet
CMS PAS SUS-12-009

6 jets pT > 30 GeV (pT1> 80 GeV)
≥1 medium b-tag

intrinsic scale of 
hard process

MT
R (ET� )
MR

lepton veto



CMS razor multijet
CMS PAS SUS-12-009
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CMS razor multijet
CMS PAS SUS-12-009

No limits!



CMS razor b-jet inclusive
CMS PAS SUS-12-009

2 jets pT > 60 GeV
≥1 medium b-tag, pT > 40 GeV

dileptonic box

semileptonic box

hadronic box



CMS razor b-jet inclusive
CMS PAS SUS-12-009
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CMS razor b-jet inclusive
CMS PAS SUS-12-009

χ̃0t̃1

t

large uncertainties
in modeling of ISR



ATLAS+CMS combined

ATLAS
CMS



Lessons Learned
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‣ ttbar challenging very for stop searches

‣ small signal cross-section



‣ ATLAS and CMS had to use really aggressive cuts

‣ turned limits vulnerable to background fluctuations and
   uncertainties in signal cross-section

ATLAS dilepton search CMS razor multijets

Lessons Learned



Lessons Learned

ATLAS
CMS

‣ still a lot of uncovered parameter space remains

‣ will likely require non-standard techniques



Recent activity among theorists

arXiv:1203.4813    Bai, Cheng, Gallicchio, Gu 
Leptonic modes; new kinematic variables with endpoints

reach: mstop ~ 700 GeV for light neutralinos

arXiv:1205.5808    Han, Katz, Khron, Reece 
Rapidity differences and spin correlations

reach: light stops mstop < 200 GeV~

arXiv:1205.5816    Kaplan, Rehermann, Stolarski
Top-tagging for boosted tops from stop decays

reach: mstop > 300 GeV~



One more idea: Shape analyses
‣ challenging - backgrounds have to be very well understood

‣ not frequently used in SUSY searches 

‣ successful implementations of it

Razor 3-jet resonances (RPV gluino)



One more idea: Shape analyses
‣ challenging - backgrounds have to be very well understood

‣ not frequently used in SUSY searches 

‣ not so successful....
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FIG. 1: The dijet invariant mass distribution. The sum of electron and muon events is plotted. In the left plots we show the

fits for known processes only (a) and with the addition of a hypothetical Gaussian component (c). On the right plots we show,

by subtraction, only the resonant contribution to Mjj including WW and WZ production (b) and the hypothesized narrow

Gaussian contribution (d). In plot (b) and (d) data points differ because the normalization of the background changes between

the two fits. The band in the subtracted plots represents the sum of all background shape systematic uncertainties described

in the text. The distributions are shown with a 8 GeV/c
2
binning while the actual fit is performed using a 4 GeV/c

2
bin size.

against 5 GeV variations of the thresholds used for all of

the kinematic selection variables, including variations of

the jet ET > 30 GeV threshold. This analysis employs

requirements on jets of ET > 30 GeV and pT > 40 GeV/c

for the dijet system, which improves the overall modeling

of many kinematic distributions. We also test a selection

only requiring jet ET > 20 GeV as in Ref. [19]. This se-

lection, which increases the background by a factor of 4,

reduces the statistical significance of the excess to about

1σ.

We study the ∆Rjj distribution to investigate possi-

ble effects that could result in a mismodeling of the dijet

invariant mass distribution. We consider two control re-

gions, the first defined by events with Mjj < 115 and

Mjj > 175 GeV/c
2
and the second defined by events

with pT < 40 GeV/c. We use these regions to de-

rive a correction as a function of ∆Rjj to reweight the

events in the excess region. We find that the reweight-

ings change the statistical significance of the result by

plus or minus one sigma. However, the ∆Rjj distribu-
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FIG. 1: (color online) Dijet invariant mass summed over elec-
tron and muon channels after the fit without (a) and with (b)
subtraction of SM contributions other than that from the SM
diboson processes, along with the ±1 s.d. systematic uncer-
tainty on all SM predictions. The χ2 fit probability, P(χ2), is
based on the residuals using data and MC statistical uncer-
tainties. Also shown is the relative size and shape for a model
with a Gaussian resonance with a production cross section of
4 pb at Mjj = 145 GeV/c2.

In Fig. 1 we present the dijet invariant mass distri-
bution after a fit of the sum of SM contributions to
data. Other distributions are available in the supple-
mentary material [21]. The fit minimizes a Poisson χ2-
function with respect to variations in the rates of individ-
ual background sources and systematic uncertainties that
may modify the predicted dijet invariant mass distribu-
tion [23]. A Gaussian prior is used for each systematic
uncertainty, including those on the normalization of each
sample, but the cross sections for diboson and W+jets
production in the MC are floated with no constraint. The
fit computes the optimal values of the systematic uncer-
tainties, accounting for departures from the nominal pre-
dictions by including a term in the fit function that sums
the squared deviation of each systematic in units normal-
ized by its ±1 s.d. Different uncertainties are assumed
to be mutually independent, but those common to both
lepton channels are treated as fully correlated. We per-

TABLE I: Yields determined following a χ2 fit to the data,
as shown in Fig. 1. The total uncertainty includes the effect
of correlations between the individual contributions as deter-
mined using the covariance matrix.

Electron channel Muon channel
Dibosons 434 ± 38 304 ± 25
W+jets 5620 ± 500 3850 ± 290
Z+jets 180 ± 42 350 ± 60
tt̄ + single top 600 ± 69 363 ± 39
Multijet 932 ± 230 151 ± 69
Total predicted 7770 ± 170 5020 ± 130
Data 7763 5026

form fits to electron and muon selections simultaneously
and then sum them to obtain the dijet invariant mass
distributions shown in Fig. 1. The measured yields after
the fit are given in Table I.

To probe for an excess similar to that observed by the
CDF Collaboration [1], we model a possible signal as a
Gaussian resonance in the dijet invariant mass with an
observed width corresponding to the expected resolution
of the D0 detector given by σjj = σW→jj ·

√

Mjj/MW→jj .
Here, σW→jj and MW→jj are the width and mass of
the W → jj resonance, determined to be σW→jj =
11.7 GeV/c2 and MW→jj = 81 GeV/c2 from a simulation
of WW → #νjj production. For a dijet invariant mass
resonance at Mjj = 145 GeV/c2, the expected width is
σjj = 15.7 GeV/c2.

We normalize the Gaussian model in the same way as
reported in the CDF Letter [1]. We assume that any
such excess comes from a particle X that decays to jets
with 100% branching fraction. The acceptance for this
hypothetical process (WX → #νjj) is estimated from a
MC simulation of WH → #νbb̄ production. When testing
the Gaussian signal with a mean of Mjj = 145 GeV/c2,
the acceptance is taken from the WH → #νbb̄ simula-
tion with MH = 150 GeV/c2. This prescription is cho-
sen to be consistent with the CDF analysis, which used
a simulation of WH → #νbb̄ production with MH =
150 GeV/c2 to estimate the acceptance for the excess
that they observes at Mjj = 144 GeV/c2. When probing
other values of Mjj , we use the acceptance obtained for
WH → #νbb̄ MC events with MH = Mjj + 5 GeV/c2.

We use this Gaussian model to derive upper limits
on the cross section for a possible dijet resonance as a
function of dijet invariant mass using the CLs method
with a negative log-likelihood ratio (LLR) test statis-
tic [24] that is summed over all bins in the dijet invari-
ant mass spectrum. Upper limits on cross section are
calculated at the 95% confidence level (C.L.) for Gaus-
sian signals with mean dijet invariant mass in the range
110 < Mjj < 170 GeV/c2, in steps of 5 GeV/c2, allowing
the cross sections for W+jets production to float with no
constraint. Other contributions are constrained by the
a priori uncertainties on their rate, either derived from



One more idea: Shape analyses
arXiv:1205.5805    Alves, Buckley, Fox, Lykken, Yu

‣ MET shape in fully hadronic channel
‣ MT shape in semi-leptonic channel

‣ inspired by razor analysis

‣ modeling of background by simple analytical functions 
   in certain regions of parameter space



Hadronic Stops: MET shape
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Hadronic Stops: MET shape
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Hadronic Stops: MET shape
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Hadronic Stops: MET shape

0 50 100 150 200 250 300 350
10

100

1000

104

105

MET�GeV�

ev
en
ts
��5G

eV
�

‣ main backgrounds: QCD and ttbar

dominated by mismeasurement
QCD

ttbar

mismeasurement +
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MET for background and signal

QCD+ttbar
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QCD

ttbar
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‣ generated 200 toys experiments with background hypothesis
‣ for each toy, extracted signal exclusion using binned likelihood
‣ included fit errors in likelihood
‣ to be conservative, ignored correlations between parameters

‣ analytic fit to both backgrounds, 20 fb-1 of MC @ 8TeV



Expected exclusion reach for
hadronic MET shape analysis

20 fb-1 @ 8TeV
mt̃1 ∼ mtop + mχ̃0



Expected exclusion reach for
hadronic MET shape analysis

20 fb-1 @ 8TeV

LHC results
from ICHEP

mt̃1 ∼ mtop + mχ̃0



Semi-Leptonic Stops: MT shape

‣ main backgrounds: ttbar and W+jets

ttbar

W+jets

3 jets with pT > 30 GeV
1 b-jets
exactly 1 lepton pT > 20 GeV
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Semi-Leptonic Stops: MT shape

‣ main backgrounds: ttbar and W+jets

ttbar

top decays to hadronic τ’s

W+jets
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Summary

‣ First LHC results for direct stop pair production

‣ covered interesting regions of parameter space

‣ Challenging regions still allowed

‣ Attempt to explore the reach of shape analysis

‣ Could be useful for general new physics searches with MET


